At the recent Scientific Sessions of the American Heart Association, a plenary session was devoted to the problem of restenosis after percutaneous transluminal coronary angioplasty.' The panel included five widely recognized and experienced physician-scientists who provided critical, comprehensive reviews of the problem. Two Two of the speakers at the plenary session alluded to recent findings that suggest that restenosis or its prevention may be related, at least in part, to reactiveadaptive modeling processes,8'9 including those by which blood vessels tend to compensate for plaque formation. Our own findings10"1 that human arteries enlarge as plaques form, thereby preserving lumen cross-sectional area for extended periods, were cited in support of a possible role for modeling reactions in relation to restenosis. Also cited was a recent experimental study8 suggesting that vessel enlargement may follow angioplasty and that restenosis may be prevented if the enlargement exceeds the potentially occlusive intimal proliferative reaction. Indeed, a good deal of evidence is now available to indicate that the artery wall tends to adapt or remodel in such a manner as to maintain stability with respect to flow and tensile stress.12 For flow, the response is closely related to changes in wall shear stress; for tensile stress, the response is to alterations in pressure and/or vessel radius. These adaptive reactions are of necessity closely linked. For example, increased wall shear stress induces an increase in radius until wall shear stress is restored to mean baseline levels of about 15 dyne/cm2 (References 13 and 14); the increase in radius induces modifications of wall thickness, structure, and composition in keeping with the associated increase in wall tensile stress.121516 Conversely, reduction of wall shear stress below baseline values results in a reduction of radius and a corresponding adjustment of mural composition in response to the reduced tensile stress.17 The intima participates in these compensatory reactions in the form of intimal thicken- 
Two of the speakers at the plenary session alluded to recent findings that suggest that restenosis or its prevention may be related, at least in part, to reactiveadaptive modeling processes,8'9 including those by which blood vessels tend to compensate for plaque formation. Our own findings10"1 that human arteries enlarge as plaques form, thereby preserving lumen cross-sectional area for extended periods, were cited in support of a possible role for modeling reactions in relation to restenosis. Also cited was a recent experimental study8 suggesting that vessel enlargement may follow angioplasty and that restenosis may be prevented if the enlargement exceeds the potentially occlusive intimal proliferative reaction. Indeed, a good deal of evidence is now available to indicate that the artery wall tends to adapt or remodel in such a manner as to maintain stability with respect to flow and tensile stress.12 For flow, the response is closely related to changes in wall shear stress; for tensile stress, the response is to alterations in pressure and/or vessel radius. These adaptive reactions are of necessity closely linked. For example, increased wall shear stress induces an increase in radius until wall shear stress is restored to mean baseline levels of about 15 dyne/cm2 (References 13 and 14); the increase in radius induces modifications of wall thickness, structure, and composition in keeping with the associated increase in wall tensile stress.121516 Conversely, reduction of wall shear stress below baseline values results in a reduction of radius and a corresponding adjustment of mural composition in response to the reduced tensile stress. 17 The intima participates in these compensatory reactions in the form of intimal thicken-ing, tending to narrow the lumen and increase flow rate when wall shear stress is reduced below normal baseline values '8-20 The implications of these considerations with regard to the restenosis problem may be summarized as follows.
(1) Artery enlargement is in general a reaction to increased flow and/or to the formation of an atherosclerotic plaque. In the case of angioplasty or atherectomy, it could occur as a response to increased flow provided that the associated increase in wall shear stress is, at least initially, greater than the normal baseline value. Other factors being equal, the degree of initial dilation by the balloon may therefore be expected to have some effect on the eventual extent of artery enlargement and on the rate of restenosis. Increased long-term patency after angioplasty in lower extremity arteries when runoff flows are high could be due to this relation. 2728 (2) The basis for artery enlargement associated with plaque formation is not yet clear, but recent studies suggest that erosion and outward bulging of the artery wall beneath the plaque is a major factor.29 The manner and extent to which underlying plaque composition and configuration determine restenosis or conservation of lumen patency is a critical question that remains to be illuminated. Clarification of the limiting conditions requires the development and use of more realistic experimental models.
(3) Modeling occurs after redistribution of wall shear stress and tensile stress in relation to growth,17 geometric transitions,'920 and after artery injury.6 Regulation of the response is closely related to the interaction between local circulatory stimuli and the tissue responses that tend to maintain or restore baseline flow conditions. The successful outcome of angioplasty or other forms of direct mechanical intervention may best be related to the conditions that permit the adaptivereactive modeling response to stabilize before closure of the lumen cross section. Plaque and artery wall composition, postinterventional configuration, lumen crosssectional area, configuration, and especially flow conditions that may or may not permit the establishment of baseline levels of wall shear stress are probably the (4) (5) More and better clinical-pathological correlative studies of human material should be undertaken to test the observations and suggestions that form the basis of the present communication. Determinations of flow rate at the site of angioplasty before, immediately after, and periodically after angioplasty, assessment of corresponding local configurational changes, and documentation of plaque distribution and progression proximal and distal to the lesion under treatment are likely to provide insights into the critical flow-related determinants of restenosis. Such studies could help to establish criteria for the identification of patients likely to benefit from angioplasty and those who are more likely to benefit from other procedures.
(6) Some of the determinants of restenosis may be patient specific.30 Excessive tissue reactivity of some individuals to postangioplasty conditions, rapid progression of atherogenesis, and the development of plaque complications at the angioplasty site and at locations distal or proximal to the intervention site are mechanisms worthy of further investigation.
